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RECEIVER ARCHITECTURE ELIMINATING STATIC 
AND DYNAMIC DC OFFSET ERRORS 

Field of the Invention 
5 [0001] The present invention relates to a radio receiver, and in particular to 
a receiver architecture that eliminates essentially all static and dynamic DC 
offset errors and improves second order intermodulation distortion (IMD2) 
performance. 

10 Background of the Invention 

[0002] In order to reduce the number of components and increase the 
battery life of portable communications devices, many receiver architectures 
perform direct conversion, which converts a received signal from a radio 
frequency directly to baseband. Although direct conversion receiver 

15 architectures benefit the communication device by decreasing device size and 
increasing battery life, the performance of the receiver is diminished due to 
decreased second order intermodulation distortion (IMD2) performance and 
static and dynamic DC errors. 

[0003] IMD2 performance of a direct conversion receiver is degraded 
20 because the desired output signal of the direct conversion receiver is near 
DC. IMD2 components are also near DC and are not filtered. Thus, the 
desired output signal and the IMD2 components are both co-located in 
frequency and become inseparable. 

[0004] Direct conversion receivers include local oscillators that generate a 
25 frequency equal to or harmonically related to the frequency of the received 
signal. Because the frequency of the local oscillator is equal to or 
harmonically related to the frequency of the received signal, there is coupling 
between the blocker signals and the output of the local oscillator. Thus, 
during downconversion, the blocker signals are mixed with themselves, 
30 thereby producing the square of the blocker signals at DC. 

[0005] In addition to intermodulation distortion, static and dynamic DC 
errors degrade the performance of direct conversion receivers. One static DC 
error is a residual DC offset term due to leakage of the local oscillator into the 
received signal. Thus, the output of the local oscillator is mixed with itself 
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during downconversion, thereby producing the DC offset term. To correct this 
static DC error, direct conversion receivers may perform DC correction during 
baseband processing. However, the DC correction does not correct dynamic 
DC errors occurring due to thermal drift of the receiver or due to interferes 
5 that appear after an initial DC correction time associated with DC correction. 
[0006] Therefore, there remains a need for a receiver architecture that 
essentially eliminates all static and dynamic DC errors and improves IMD2 
performance. 

10 Summary of the Invention 

[0007] The present invention provides a receiver frontend that eliminates 
static and dynamic DC errors and has improved second order intermodulation 
distortion (IMD2) performance. The receiver frontend includes a first mixer 
that multiplies a received signal and a first local oscillator (LO) signal to 

15 produce an intermediate frequency (IF) signal. A second mixer multiplies the 
IF signal and a second LO signal to produce an output signal. A first divider 
circuit divides a reference signal from a reference oscillator by a first divisor N 
to produce the first LO signal, and a second divider circuit divides the 
reference signal by a second divisor M to produce the second LO signal. 

20 Preferably, the first and second divisors N and M are each integers greater 
than one (1), and the second divisor M is not an integer multiple of the first 
divisor N. 

[0008] In one embodiment, a frequency of the reference oscillator and 
values of the first and second divisors N and M are selected such that the 

25 second mixer produces the output signal as a baseband signal. In another 
embodiment, the frequency of the reference oscillator and the values of the 
first and second divisors N and M are selected such that the second mixer 
produces the output signal as a very low intermediate frequency (VLIF) signal 
having a VLIF offset. 

30 [0009] In another embodiment, the first mixer is a quadrature mixer and 
the second mixer is a complex mixer The quadrature mixer and the complex 
mixer operate to provide the output signal as a VLIF signal having a VLIF 
offset In addition, the complex mixer is capable of distinguishing between 
positive and negative frequencies, thereby providing improved image rejection 
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and allowing larger VLIF offsets. The receiver frontend may also include 
filtering circuitry to remove unwanted frequencies, including negative 
frequencies, from the output signal. The output of the filtering circuitry may be 
processed by digital signal processing circuitry to remove static and dynamic 
5 DC errors and second order intermodulation distortion components at or near 
DC. 

[0010] Those skilled in the art will appreciate the scope of the present 
invention and realize additional aspects thereof after reading the following 
detailed description of the preferred embodiments in association with the 
10 accompanying drawing figures. 

Brief Description of the Drawing Figures 

[0011] The accompanying drawing figures incorporated in and forming a 
part of this specification illustrate several aspects of the invention, and 
15 together with the description serve to explain the principles of the invention. 
[0012] Figure 1 illustrates a receiver frontend that generates first and 
second local oscillator signals from a single reference oscillator according to 
one embodiment of the present invention; 

[0013] Figure 2A illustrates desired, adjacent, and alternate channels 
20 according to GSM and EDGE standards; 

[0014] Figure 2B illustrates imaging associated with the receiver frontend 

of Figure 1 and the channels of Figure 2A; 

[0015] Figure 3 illustrates a relationship between second order 

intermodulation distortion improvement and channel bandwidth for various 
25 VLIF offsets; 

[0016] Figure 4 illustrates a relationship between required image rejection 
and channel bandwidth for various VLIF offsets; 
[0017] Figure 5 illustrates a receiver frontend having improved image 
rejection according to another embodiment of the present invention; 
30 [0018] Figure 6 illustrates a system implementing the receiver frontend of 
Figure 5 according to another embodiment of the present invention; and 
[0019] Figure 7 illustrates the receiver frontend according to yet another 
embodiment of the present invention. 
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Detailed Description of the Preferred Embodiments 
[0020] The embodiments set forth below represent the necessary 
information to enable those skilled in the art to practice the invention and 
illustrate the best mode of practicing the invention. Upon reading the 
5 following description in light of the accompanying drawing figures, those 
skilled in the art will understand the concepts of the invention and will 
recognize applications of these concepts not particularly addressed herein, It 
should be understood that these concepts and applications fall within the 
scope of the disclosure and the accompanying claims. 

10 [0021] Figure 1 illustrates a receiver frontend 1 0 that downconverts a 
received signal using first and second local oscillator (LO) signals derived 
from a single reference oscillator 12 and avoids having a LO signal on a 
frequency equal to or harmonically related to the frequency of the received 
signal. The receiver frontend 10 receives the received signal through an 

15 antenna 14. The received signal is filtered by a filter circuit 16 and amplified 
by a low noise amplifier (LNA) 18. After filtering and amplification of the 
received signal, a first mixer 20 mixes the received signal with the first local 
oscillator signal, thereby downconverting the received signal from a radio 
frequency signal to an intermediate frequency (IF) signal. A second mixer 22, 

20 which is a quadrature mixer, mixes the IF signal with the second LO signal 
and includes a third mixer 24 and fourth mixer 26. In one embodiment, a 
frequency of the second LO signal is selected such that the second mixer 22 
converts the IF signal into a quadrature baseband signal. 
[0022] The first LO signal is generated by a divide by N circuit 28. The 

25 divide by N circuit 28 operates to produce the first LO signal having a 
frequency substantially equal to a frequency of the reference oscillator 12 
divided by N, where N = 1, 2, 3.... The second LO signal is a quadrature 
signal produced by a quadrature divide by M circuit 30. The second LO signal 
has a frequency substantially equal to the frequency of the reference oscillator 

30 12 divided by M, where M = 1, 2, 3.... In one embodiment, N and M are any 
integers. In another embodiment, N and M are any integers wherein M is not 
a multiple of N and/or N is not a multiple of M. It should be noted that the 
frequencies of the first and second LO signals are selected by selecting 
values for the reference oscillator 12 and the first and second divisors N and 
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M. It should also be noted that the reference oscillator 12 may be any type of 
oscillator, including but not limited to a crystal oscillator or a voltage controlled 
oscillator (VCO) controlled by a phase-locked loop. 
[0023] As an example, assume that the received signal is centered about 

5 833.33 MHz, the reference oscillator 12 produces a 2 GHz signal, N = 4, and 
M = 6. Therefore, the first LO signal has a frequency of 500 MHz and the 
second LO signal has a frequency of 333.33 MHz, where the composite of the 
first and second LO signals is 833.33 MHz. The mixing function results in an 
image located at 166.67 MHz (500 - 333.33 MHz). 

1 0 [0024] The embodiment of the receiver frontend 1 0 of Figure 1 described 
above eliminates leakage from the first LO signal to the LNA 18 and leakage 
from the LNA 18 to the first LO signal. Further, IMD2 products in the first 
mixer 20 are converted away from DC by the second mixer 22. However, the 
receiver frontend 10 may still have IMD2 issues due to mismatch within the 

15 second mixer 22 and quadrature and DC errors due to LO leakage from the IF 
signal into the second LO signal. 

[0025] A second embodiment of the receiver frontend 10 of Figure 1 
removes any residual or dynamic DC error by converting the received signal 
to a very low IF (VLIF) signal rather than to a baseband signal. In this 

20 embodiment, the divisors N and M of the divide by N circuit 28 and the 

quadrature divide by M circuit 30 are selected such that the received signal is 
downconverted to an IF signal by the first mixer 20, and the second mixer 22 
converts the IF signal to a quadrature VLIF signal having a VLIF offset. By 
converting the IF signal to VLIF rather than to baseband, any residual or 

25 dynamic DC error can be removed from the quadrature VLIF signal using a 
digital filter having a naturally occurring stopband null at the VLIF offset, as 
discussed in detail below. 

[0026] As an example of converting the received signal to a VLIF signal, 
assume that the received signal has a frequency of 900 MHz, the desired 
30 VLIF offset is 100 KHz, N = 4, and M = 6. Then, the reference oscillator 12 
generates a signal having a frequency of 2.16 GHz, the first LO signal has a 
frequency of 539.94 MHz, and the second LO signal has a frequency of 
359,96 MHz. The composite of the first and second LO signals is 899.9 MHz. 
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Thus, the received signal at 900 MHz is downconverted to 100 KHz, and an 
image is located at 179.98 MHz (539.94 - 359.96 MHz). 
[0027] When converting to VLIF, the receiver frontend 1 0 must reject the 
image without filtering. In the case of converting to VLIF in a traditional Global 
5 System for Mobile Communications (GSM) system, the image to be rejected 
is due to adjacent and alternate channels, which are illustrated in Figure 2A. 
For a 100 KHz VLIF offset, the adjacent channel below DC has a center of 
-100 KHz. As illustrated in Figure 2B, if the receiver frontend 10 (Figure 1) is 
unable to distinguish between positive and negative frequencies, the adjacent 

10 and alternate channels below DC are converted to the desired channel and 
the adjacent channel, respectively, as an adjacent image and an alternate 
image. In order to receive the desired channel in a typical environment, the 
adjacent image must be less than 9 dB below the desired channel. Since the 
adjacent channel is limited to being 9 dB stronger than the desired channel, a 

15 minimum of 18 dB image rejection is required. Further, since the alternate 
channel is limited to being 41 dB stronger than the desired channel, a 
minimum of 50 dB image rejection is required for a VLIF offset of 175 KHz. If 
the VLIF offset is 100 KHz, then the alternate image is converted to the 
adjacent channel. As the VLIF offset increases, the alternate image moves 

20 from the adjacent channel toward the desired channel. At 200 KHz VLIF 
offset, the alternate image and the desired channel are fully aligned, thereby 
requiring at least 50 dB image rejection. 

[0028] For traditional GSM systems, which operate near 900 MHz, the 
VLIF offset of 100 KHz is selected such that the image is within the adjacent 

25 channel and is limited to being 9 dB stronger than the desired channel. This 
works well for traditional GSM channel filter bandwidths of less than 85 KHz. 
However, standards such as the Enhanced Data-rate for Global System for 
Mobile-Communication Evolution (EDGE) standard require wider bandwidths 
and, therefore, do not benefit from the VLIF offset of 100 KHz. To benefit 

30 from converting to VLIF, the VLIF offset must be greater than 100 KHz. 

However, as the VLIF offset increases, the alternate image moves toward the 
desired channel. When the alternate image aligns with the desired channel, 
the required image rejection is at least 50 dB. Therefore, in order to increase 
the VLIF offset, the quadrature balance of the receiver frontend 10 must be 
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able to support an image rejection of at least 50 dB for a VLIF offset of 175 
KHz. 

[0029] Figures 3 and 4 further illustrate the need for increased image 
rejection for VLIF offsets greater than 100 KHz in an EDGE system. Figure 3 
5 illustrates the relationship between IMD2 improvement and channel 
bandwidth for VLIF offsets of 100 KHz, 125 KHz, 150 KHz, 175 KHz, 200 
KHz, and 225 KHz. Figure 4 illustrates the relationship between required 
image rejection and channel bandwidth for VLIF offsets of 100 KHz, 125 KHz, 
150 KHz, 175 KHz, 200 KHz, 225 KHz, and 250 KHz. The widest bandwidth 
10 requested for the EDGE standard is 135 KHz. Referring to Figure 3, for a 
channel bandwidth of 135 KHz, IMD2 rejection to interferes can be improved 
by at least 10 dB using a VLIF offset of 175 KHz or greater. However, 
referring to Figure 4, the VLIF offset of 175 KHz requires at least 50 dB image 
rejection. 

1 5 [0030] Figure 5 illustrates one embodiment of the receiver frontend 1 0 that 
provides at least 50 dB image rejection by using a complex mixer 32. The 
complex mixer 32 allows the receiver frontend 10 to differentiate between 
positive and negative frequencies. Thus, referring to Figures 2A and 2B, the 
adjacent and alternate channels below DC are not converted to the desired 

20 and adjacent channel, thereby avoiding the adjacent image in the desired 
channel and the alternate image in the adjacent channel. The complex mixer 
32 provides the necessary image rejection of at least 50 dB as required for a 
175 KHz VLIF offset. 

[0031] As with the embodiment illustrated in Figure 1 , the receiver frontend 
25 10 of Figure 5 receives the received signal through the antenna 14, which 
passes the received signal to the filter circuit 16 and the LNA 18 for filtering 
and amplification. A quadrature mixer 34 mixes the received signal with a first 
quadrature LO signal, thereby converting the received signal into a quadrature 
IF signal. The quadrature mixer 34 includes mixers 36 and 38, which mix the 
30 received signal with quadrature (Qi) and in-phase (h) components of the first 
quadrature LO signal, respectively. The complex mixer 32 mixes the 
quadrature IF signal with a second quadrature LO signal, thereby converting 
the quadrature IF signal into a quadrature VLIF signal. The complex mixer 32 
includes mixers 40-46 and summing nodes 48-50. Mixers 40 and 44 and the 
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first summing node 48 operate to produce the in-phase component (I) of the 
quadrature VLIF signal. Mixers 42 and 46 and the second summing node 50 
operate to produce the quadrature phase component (Q) of the quadrature 
VLIF signal. The I and Q components of the quadrature VLIF signal are 
5 passed to a first polyphase filter 51 including a first real filter 52 and a second 
real filter 54. The first and second filters 52 and 54 are cross-coupled, 
thereby allowing a passband of the polyphase filter 51 to be centered about 
the VLIF offset of the quadrature VLIF signal rather than DC. It is important to 
note that the polyphase filter 51 passes only positive frequencies, and, 

10 therefore, all negative frequencies are rejected including those for the 
adjacent and alternate channels below DC (Figure 2A). 
[0032] The first quadrature LO signal is generated by a quadrature divide 
by N circuit 56. The quadrature divide by N circuit 56 operates to produce the 
first quadrature LO signal having a frequency substantially equal to a 

15 frequency of the reference oscillator 12 divided by N, where N = 1 , 2, 3... . 
The second quadrature LO signal is produced by the quadrature divide by M 
circuit 30. The second quadrature LO signal has a frequency substantially 
equal to the frequency of the reference oscillator 12 divided by M, where M = 
1, 2, 3.... In one embodiment, N and M are any integers. In another 

20 embodiment, N and M are any integers wherein M is not a multiple of N 
and/or N is not a multiple of M. As discussed above, the frequencies of the 
first and second LO signals are selected by selecting the frequency of the 
reference oscillator 12 and the values of the first and second divisors N and M 
such that the desired VLIF offset is achieved. 

25 [0033] Figure 6 illustrates one embodiment of a system 58 implementing 
the receiver frontend 10 of Figure 5 and including digital signal processing 
circuitry 60. As discussed above, the receiver frontend 10 operates to convert 
the received signal to the quadrature VLIF signal. The digital signal 
processing circuitry 60 operates to remove any residual or dynamic DC errors 

30 and IMD2 components at or near DC from the quadrature VLIF signal. 

[0034] The digital signal processing circuitry 60 includes analog-to-digital 
(A/D) converters 62 and 64 that operate to produce digitized I and Q 
components of the quadrature VLIF signal from the receiver frontend 10. The 
digitized I and Q components are passed to anti-alias filters 66 and 68, 
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respectively, which operate to remove unwanted frequencies from the 
digitized I and Q components. A digital complex mixer 70 then performs a 
complex mix of the digitized I and Q components from the anti-alias filters 66 
and 68, thereby shifting the frequency of the digitized I and Q components 
5 from the VLIF offset to DC and shifting the DC errors and IMD2 components 
at or near DC to the VLIF offset. The digitized I and Q components from the 
digital complex mixer 70 are then passed to channel filters 72 and 74. The 
channel filters 72 and 74 operate as low-pass filters to reject the DC errors 
and IMD2 components, which are at the VLIF offset frequency. Preferably, 

10 the channel filters 72 and 74 are digital finite-impulse-response (FIR) filters 
having naturally occurring stopband nulls at the VLIF offset. After passing 
through the channel filters 72 and 74, the digitized I and Q components are 
baseband digital representations of the received signal including essentially 
no DC errors or IMD2 components at or near DC. The digitized I and Q 

15 components from the digital signal processing circuitry 60 are processed by a 
processor 76 without the need for additional DC error correction. 
[0035] Figure 7 illustrates another embodiment of the receiver frontend 1 0 
of Figures 5 and 6. In this embodiment, the receiver frontend includes filtering 
circuitry 78 between the quadrature mixer 34 and the complex mixer 32. The 

20 filtering circuitry 78 may include a polyphase filter in order to improve the 
quadrature balance of the receiver frontend 10. Alternatively or in addition to 
a polyphase filter, the filtering circuitry 78 may include passive filtering, such 
as a bandpass filtering, to remove the sum product of the quadrature mixer 
34. The operation of this embodiment of the receiver frontend 10 is 

25 substantially the same of the receiver frontend 10 of Figures 5 and 6. 
[0036] The receiver frontend 10 of Figures 5-7 also helps avoid CMOS 
flicker noise. Flicker noise is noise that increases to a maximum at DC and is 
present in all semiconductors. Because the receiver frontend 10 converts the 
received signal to the VLIF offset rather than to DC, the flicker noise, which is 

30 at DC, is filtered along with the DC errors and IMD2 components at or near 
DC by the digital signal processing circuitry 60. 
[0037] The present invention offers substantial opportunity for variation 
without departing from the spirit or scope of the present invention. For 
example, the receiver frontend 10 and the digital signal processing circuitry 60 
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of Figure 6 may be formed on separate semiconductor die or on a single 
semiconductor die. As another example, although the receiver frontend 10 
has been described and illustrated as using differential signals, which are 
represented by two parallel lines, single ended signals may be used and 

5 should be considered within the spirit and scope of the present invention. In 
addition, although much of the discussion above relates to the use of the 
present invention in a GSM system, the present invention may be 
implemented in any communication system benefiting from improved image 
rejection and IMD2 performance and/or removing DC errors. 

10 [0038] Those skilled in the art will recognize improvements and 

modifications to the preferred embodiments of the present invention. All such 
improvements and modifications are considered within the scope of the 
concepts disclosed herein and the claims that follow. 



